This study investigated the impact of processing on retention of iron and zinc in D. rotundata. Fresh tubers were processed into boiled yam and yam flour and analyzed for zinc, iron, and physicochemical properties. Percent true retention (%TR) was assessed using paired samples and a formula that compensated for loss or gain of moisture and soluble solids. The retention of iron ranged from 55.5% to 98.7% in boiled yam and 25.2% to 54.9% in yam flour; retention of zinc ranged from 49.3% to 97.5% in boiled yam and 18. 9% to 43.1% in yam flour. The amount of iron retained in boiled yam correlated with the amount in the fresh samples (r = .79), likewise in yam flour (r = .82). A similar trend was observed for zinc. From our study, we conclude that retention of iron and zinc is dependent on the variety and processing method used. The information from this study can be used by food scientists and nutritionists in choosing the appropriate processing to increase the retention of high levels of micronutrient in yams and by the yam breeders to adjust their germplasm breeding activities. (Flynn, 1992) . It protects the skin and improves resistance to infection, disease, inflammation, and allergies (Tolonen, 1990) . Ramakrishnan (2002) reported that more than half of the world's population is at a risk of low zinc intake. Iron, on the other hand, is important for energy production, immune defense, and thyroid function among others (Roser, 1986) in the long-term. Food-based approaches to combat micronutrient malnutrition are more likely to be sustainable in the long-term. In particular, in countries where plant-based foods are major staples, using improved varieties with higher iron and zinc content could effectively enhance micronutrient intake because they are available, affordable, culturally acceptable, and preferred. This will be important in developing countries where meeting the Recommended Dietary Allowance (RDA) of micronutrient is far from being achieved (Welch & Graham, 1999) .
| Food product preparation

| Boiled yam
The opposite quarters were chopped into chunks, combined, and mixed. The mixed sample was further divided into four equal parts. Adjacent sections were collected. A subsample of 200 g cut slices was cooked with 400 ml of water for 20 min. Cooked slices were drained, packaged in polythene whirl-pack, and kept at −80°C until laboratory analysis for physicochemical composition, iron and zinc content. The cooked pieces were thawed at room temperature, and homogenized to a homogenous pulp mixture before aliquots were weighed out for analysis. The remaining quarters were used for the raw analysis resulting in a paired sample.
| Yam flour
A quantity of 500 g of the remaining yam chunks from the opposite quarters used for the boiled yam was immersed in 1 L of hot water (63 ± 3°C) and left covered in plastic containers for 24 hr. The slightly fermented slices were oven-dried at 45°C for 72 hr and milled into flour, locally called elubo in Nigeria, packaged in polythene whirl-pack, and kept at −80°C until laboratory analysis for physicochemical composition, iron and zinc content.
| Laboratory analysis
| Preparation of flour for physicochemical analysis
The opposite quarters that were taken representing the raw sample were chopped into smallv pieces, combined, and mixed. The mixed sample was further divided into four equal parts. Adjacent sections were collected, mixed thoroughly, and dried in an air convection oven at 60°C for 72 hr. The dried pieces were milled into fine flour and packaged in polythene whirl-pack, and kept at −20°C until laboratory analysis for physicochemical composition.
| Determination of physicochemical composition
Frozen samples were allowed to thaw to room temperature before duplicate subsamples were taken for analysis. The moisture and ash content of the fresh (raw) and food product samples were determined using standard AOAC (1990) methods as described.
Protein content was determined using the Hach (1990)method. To 0.20 g sample in a digestion tube, concentrated sulfuric acid (5 ml), hydrogen peroxide (10-15 ml), and one catalyst tablet were added.
The mixture was digested at 375°C for 3 hr. Distilled water was added to the digest to a final volume of 75 ml, covered with paraffin, and mixed thoroughly. One ml of the mixture was pipetted into a 25 ml volumetric flask; three drops each of mineral stabilizer and polyvinyl alcohol solution were added and made up to volume with distilled water.
Nessler reagent (1 ml) was added for color development. Absorbance was read at 460 nm using a HACH-DR/3000 spectrophotometer (HACH Company, Loveland, CO) to determine the nitrogen concentration. Protein content was calculated using a factor of 6.25.
The starch and total sugar content were determined using a colorimetric method (Dubois, Gilles, Hamilton, Rebers, & Smith, 1956 ).
Absorbance of the sample was read against a reagent blank at 490 nm using a Spectronic 601 spectrophotometer (Milton Roy Company, Ivyland, PA).
Amylose content was determined using the method described by Juliano (1971) involving the preparation of a stock iodine solution.
Absorbance of the sample was read against a reagent blank at 620 nm using a Spectronic 601 spectrophotometer.
| Determination of iron and zinc retention
The homogenized samples of raw and boiled yam were thawed to room temperature, placed in Petri dishes, dried in an uncorroded oven at 40°C for 3 days and ground to flour with an approximate particle size of 0.5 mm. Oven-dried aliquots of the raw, boiled and yam flour samples were sent to Waite Analytical Services, Adelaide, Australia for determination of the Fe and Zn content using Inductively Coupled Plasma Atomic Emission Spectrometry (ICPAES) (Choi, Graham, & Stangoulis, 2007) . One 0.6 g sample of the products was cold digested in 50 ml tubes overnight using 11 ml of nitric/perchloric acid mixture (10:1) and made to a final volume of 25 ml with water. Duplicate aliquots of the digested samples were analyzed by ICPAES (model 3580 B; ARL, Switzerland) using a method described by Zarcinas, Cartwright, and Spouncer (1987) . Values reported are the mean from duplicate aliquot determinations of each replication. A certified standard reference sample was randomly included to check for contamination (Choi et al., 2007) .
The true retention (TR) of Fe and Zinc was calculated as follows (Murphy, Criner, & Gray, 1975): 
| Statistical analysis
The general linear model procedure (GLM) of SAS version 8e, (SAS, 2001 ) was used for analysis of variance (ANOVA) at p < .05.
Comparison among the treatment averages was by the least significance difference test (LSD) at the level of 5% of probability. Pearson correlation analyses were conducted to establish if there is a relationship between raw iron and zinc content and in the processed product (boiled yam and flour).
| RESULTS AND DISCUSSION
The physicochemical composition of the processed products, boiled yam, and yam flour of 15 D. rotundata varieties are presented in Tables 1 and 2 . For boiled yam (Table 1) , the overall mean values obtained on dry weight basis of edible portion were as follows: protein 5.6 g/100 g, amylose 24.1 g/100 g, total sugar 3.0 g/100 g, starch 74.6 g/100 g, and ash 2.4 g/100 g. The overall mean moisture content of the fresh yam tubers was 69.3%. The overall mean of the physicochemical composition for yam flour were: moisture 8.3 g/100 g, protein 5.4 g/100 g, amylose 23.7 g/100 g, total sugar 3.2 g/100 g, starch 62.4 g/100 g, and ash 2.6 g/100 g. Significant variations (p < .05) were observed among the varieties in many of the parameters determined. and total starch content in the varieties analyzed in this work could be due to differences in the activity of enzymes involved in starch biosynthesis (Krossmann & Lloyd, 2000) . Starch accounts for more than 80 g/100 g on a dry weight basis of yam carbohydrate; hence, it is a dominant factor in determining the physico-chemical, rheological, and textural characteristics of yam food products. Starch owes much of its functionality to the amylose/amylopectin ratio, which may influence the pasting and physicochemical properties such as viscosity, retrogradation, solubility, or water absorption. As a result, the food and industrial uses of starches is very much dependent on this ratio (Moorthy, 1994; Scott, 1996) . Similar amylose content ranging from 14 to 30 g/100 g to what was observed in this study has been reported for D. rotundata (Bokanga, 2000; Moorthy, 2002) and zinc content when groundnut (Arachis hypogaea) seeds were processed to a paste (Onyeike & Oguike, 2003) . Thus, nutrient losses may depend on the edible surface area exposed during food processing.
In the traditional processing, yam tubers are peeled, cut into medium sized pieces, and cooked in water. This method of processing leads to leaching of minerals and other nutrients into the water, which is eventually discarded. The cooking of intact yam tubers without peeling may be recommended in order to retain more nutrients, especially the watersoluble nutrients. Although cooking reduces the mineral content, it is also known that cooking increase nutrient bioavailability by decreasing antinutritional factors, such as phytate, known to inhibit mineral/micronutrient absorption. Marfo and Oke (1988) reported that oven-drying has only a small reductive effect on the phytate content, unlike cooking which reduced the phytate content to 62% of the original content in 
| CONCLUSION
Boiling and flour preparation processes of yam varieties reduced the iron and zinc content to various degrees compared to the amount present in the fresh tubers. Processing yam tubers into flour had a greater reductive effect than boiling which retained as high as 85% iron and zinc. Iron and zinc retention varied across varieties and the amount retained in the products are related to the content in the fresh sample.
The findings of this study showed that with the appropriate processing of yams, it could contribute significantly to the micronutrients intakes of low-income communities of developing countries that widely consumed yams on a daily basis. The information obtained from this study will not only increase the understanding of the level of retention of Iron and zinc after processing but will also help breeders to adjust their germplasm development activities for high content of such micronutrient. This information can also help researchers in choosing
proper processing methods to increase the retention of high levels of micronutrient in yams that can be delivered to consumers through nutrition education.
